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I I S I T I ^ O D U C T I OISI 
The importance of proteases in biological processes as 
well as in industries is now well recognized. The most 
widely used proteases in industries are trypsin, 
chymotrypsin, papain and several proteinases from the 
extremely thermophylic organisms. Generally all the 
proteases are succeptible to autodigestion. The high cost of 
the commercial preparation, tedious purification procedure 
and lability towards various denaturants has limited the use 
of these enzymes. The need for recovery, reuse, and 
stabilization of proteases has long been felt and several 
attempts to immobilize these enzymes have been made with 
varying successes (Haboeb, 1967; Chui and Wainer, 1992; 
Bhardwaj et al, 1992; Guisan et al, 1993; Kulik et al, 1993; 
[laynshi <_-_!_ aj - 1993; Williwr <j± ,jj , 199:<; Ors.. I <_^  .jj , 1994; 
Petach and Driscol, 1994; and Kondo et aj. , 1994). 
Numerous methods of enzyme immobilization are known 
such as covalent coupling, adsorption, microencapsulation, 
and entrapment to the polymeric matrices. Various proteases 
have also been immobilized by these different procedures. 
The- best suitability of the method depend on maximum 
retention of activity and greater stabilization. Bhardwaj et 
al (1992) have selected covalent coupling procedure for 
immobilizing trypsin and observed significant retention of 
activity and greater thermostability as compared to the 
soluble enzyme. The immobilized trypsin has been reused 
several times with limited proteolysis. Chui and Wainer 
(1992) have entrapped trypsin and a-chymotrypsin in 
hydrophobic cavities. These immobilized prepa ra t: ions 
retained hydrolytic activity and sesnsitivity to change in pH 
and temperature. Sears and Clark (1993) have immobilized 
trypsin to porous glass in both the presence and absence of 
acetylated soyabean trypsin inhibitor and observed the 
increase in free energy barrier for both amide and ester 
hydrolysis and a decrease in the energy barrier for 
aminolysis. Wilson et a_l (1994) have immobilized an extra-
cellular proteinase to controlled pore glass beads. The 
immobilized enzyme retained 65% of its maximum activity 
against azocasein at pH 12. Stability at SO'C increased on 
immobilization at all pH values within 5 and 11 and greater 
increase in the half life was observed. 
Trypsin has also been immobilized non-covalently on 
DEAE cellulose after amino group modification. Pyromellitic-
dianhydride (PMDA) was used as a modifying agent. The pH 
opLiiKa and Km oT the onzyiiic! ri.'ina iacd unaltei-i^ ii suggesting 
the free accessibility of the enzyme to the substrate. The 
succinilated derivative of trypsin was also prepared and its 
binding to DEAE cellu.loKp was compared with thr- derivative 
obtained after pyromellitic dianhydride modification. 
Chemical modification controlled the strength of binding to 
DEAE cellulose (Tyagi et al, 1994). Leuba et al (1993) have 
demonstrated the use of immobilized trypsin and chymotrypsin 
in the location of linker histones H-j^  and H5 in chicken 
erythrocyte chromatin. The immobilization was achieved on to 
immobilon membranes. 
Several other insoluble carriers for immobilization of 
trypsin have been reported (Glassmeyer & Ogle, 1971; 
Weetall, 1970; Broun et al, 1969 and Telefoncu, 1983). 
Grubhofer and Schleith (1954) coupled pepsin and 
carboxypeptidase with diazotized poly-p-aminoacetylene. 
Carboxymethyl cellulose azide was used for the preparation 
of insoluble trypsin (Mitz and Summaria, 1961; Epstein and 
Anfinsen, 1962). Insoluble papain, trypsin, chymotrypsin and 
urease were prepared by using a diazotized copolymer of para 
aminophenyl alanine and leucine as an insoluble carrier 
(Cebra et aj , 1961; Glazer et a_l , 1962; Riesel and 
Katchalski, 19G4). Quicho and Richar<].s (19G4) found a Hin'jle 
crystal oH carboxypeptidase A, when fcrcahod with 
glutaraldehyde, became insoluble in one molar sodium 
chloride, and increased mechanical strr-ngth. 
Papain Structure and Function 
Papain is the best characterized member of the 
cysteine-proteinase family (Mellor et al, 1993; Brocklehurst 
et al , 1987; Brocklehurst, 1987; Polgar, 1990; Varughese et 
al, 1989; Bjork and Ylinenjarvi, 1990; Stubbs et al, 1990; 
Menard et al, 1990, 1991 a,b,c; Khouri et aj, 1991; Vernet 
et al, 1990; Harris et al, 1992 and Lindahl et ai, 1992). It 
consists of single polypeptide chain of 212 amino acid 
residues and molecular weight is 24,000. The catalytica 1 ly 
important residues are Cys-25 and His 159. At the optimal 
activity pH which is 6-7, Cys-25 and His 159 exist as a 
- + 
thiolate-imidazolium ion pair, S -ImH , in equilibrium with 
SH-Im (Lewis et al, 1981). The pKa of Cys 25 changes from 
7.8 to 4.4 on protonation of His 159 while the pKa of His 
159 shifts from 5.1 to 8.5 on deprotonation of Cys 25 (Lewis 
et al, 1976, 1981; Menard et al, 1990, 1991). Other residues 
Gin 19, Ser 176, Asn 175 and ASIJ 158 have been implicated in 
t:al.a lysis and/oi- 1) i lul i n<j (n.dci-T and Di'Milli, 19(17). 
Papain requires a free snlfhydryl group for its 
catalytic activity. In the native crystalline protein the 
t^iiol group appears t:o Ije l)loid<ed ma L n 1 y in Nir- form of 
ntixed disulpliide with half cysteine and exhibits extremely 
low proteolytic activity (Finkle and Smith, 1950; Hill e^ 
a 1 , 1959). Activation of papain is achieved by mild reducing 
agents such as cysteine and a heavy metal-binding agent like 
ethylene diamine tetra acetic acid (EDTA) (Klein & Kirsch, 
1969) . 
^ ++ ++ ++ ++ + + 
Heavy metal ions such as Cd , Zn , Fe , Cu , Hg 
and Pb are inhibitory for papain (Sluyterman, 1967). Ail 
sulfhydryl reagents act as a papain inhibitor. lodoacetic 
acid and lodoacetamide react with the free sulfhydryl group 
of papain, causing irreversible inactivation (Shapira and 
Arnon, 1969; Kimmel et aj , 1965). Several structural 
inhibitors such as carbobenzoxy-L-glutamic acid act in the 
region o£ pH 3.9 t.o 4.5 causing a non-(::omi^ )et i tive or a mixed 
type inhibition. Papain is highly immunogenic as evident by 
its immunological studies (Arnon, 1965; Arnon and Shapira, 
1967). 
Immobilization of Papain 
Water insoluble derivatives of proteolytic enzymes 
provide a tool for the controlled digestion of proteins 
since the insoluble enzyme can be removed easily by 
filtration or cent rif ucjation at any time during digestion. 
Papain is also used during beer finishing operations as 
chill-proofing agents to ensure the long term brilliance and 
colloidal stability of the final product. Due to the 
limitation of the use of soluble enzyme for such purposes, 
the advantages offered by immobilized enzyme technology have 
been explored. 
Bernfeld (1963) have insolubilized the papain by 
entrapping into the lattice of highly crosslinked synthetic 
polymer. The insolubilized papain was biologically active 
even in the absence of added sulfhydryl agents. Papain 
immobilized on neutral carriers did not affect the pH 
activity profile (Katchalski, 1962) while attachment to 
polyanionic carriers caused, at Jew ionic strength, a 
displacement in the pH activity curves towards more alkaline 
pH values. Goldman et al (1968) have prepared papain-
colloidion membranes by adsorbing papain on colloidion-
menibranes and c ross-1 i nic i ng witli b i s-d i azobenz i di ru.'-2 , 2 ' -
disulphonic acid. The pH activity profile for a three layer 
papain nu'inbranc; UHiiiij f i v<.' <;1 i rfeionl RI41)RI r.jlr^ s (li Cfcrcfl 
from one another and from the normal bell-shaped curves 
obtained for native papain. The pH activity profile of water 
insoluble papain derivative was similar to the native papain 
(Silman, 1964). Crosslinking and covalent binding to various 
polymer carriers have^ , been achieved without markedly 
affecting its enzymatic activity (Silman and Katchalski, 
1966). Goldstein et al (1970) have immobilized papain on a 
highly insoluble polyfunctional, diazotizable resins, 
(Dialdehyde)-starch-methylenedianiline (S-MDA) giving highly 
active water insoluble derivatives of these enzymes. The pH 
activity profile of S-MDA-papain was displaced towards more 
alkaline pH values by one to two pH units, as compared with 
the native enzymes. The highly active water insoluble 
derivatives of polytyrosyl papain were also prepared by 
Cibra et al (1961) and Silman et al (1966). 
Papain has also been insolulji 1 i zed Liy covalent fixation 
to beads of crossl inked dext i<-Ui, beads of agarose and 
cellulose powder. These insoluble preparations have shown 
better properties wlien compared with the native enzyme (Axen 
& Ernback, 1971). The advantage of the preparation is its 
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storage staliility at 4°C for Jcjncjcr j.>oriorl of L i inr' and 
even in the dried state. Vicente et aj. (1994) have 
microencapsulated the piipain in reverse micellar system and 
its properties have been compared with the papain in aquous 
media. Higher activity and stability of papain were found 
in reverse micellar system. 
Immobilj zation on Antibody Supports 
One potential approach in the immobilization of enzymes 
that does not involve chemical modification and facilitates 
excellent access of the substrate for bound enzyme is the 
use of bioaffinity matrices including specific antibodies as 
affinity supports. Enzymes immobilized on supports 
precoupled with antibodies exhibit almost full catalytic 
activity on their respective substrates. Some reports are 
available on the formation of insoluble antibody-onzyrno 
complexes that retain enzyme activity. Burnett and Schmidt 
(1921) demonstrated for I'lie fii-st time that insoluble 
complex of catalase and anticatalase from rabbit serum 
retained 100% of the original activity. Glucose oxidase (de 
Alwis et al , 1987), Invertase (Jafri et al , 1993), 
Transglutaminase (Ikura et aJ. , 1984) and Carboxypeptidase A 
(Soloman et al, 1986) have been immobilized on antibody 
support retaining full caLa ly t i<:! a<.," t j v,i Ly . In ^iddiLion tin' 
affinity of enzymes for their antibodies is usually strong 
enough to retain them on the support for prolonged durations 
and improve their thermal stability and that against various 
other forms of denaturations (Soloman et al, 1987; Jafri • et 
al , 1993, 1995). Other enzymes have also been immobilJzed on 
antibody supports (Michaeli et al , 1969; Okada et aj , 1963 
and Suzuki et al, 1969). 
Stovickova et al (1991) have prepared immobilized 
trypsin using polyclonal antibodies. The catalytic activity 
of trypsin was not affected by interaction with these 
antibodies, even in the presence of excess antibodies. If 
enzyme escapes from the support or undergoes some 
irreversible change, it may be easily replaced by active 
enzyme by additional affinity immol) i ]ization . The method 
represents a general technique suitable for the preparation 
of highly active immobilized enzyme preparations for the 
biochemical studies of enzymes naturally bound in the 
organelle structure, because the kinetics of metabolic 
processes of an organism and heterogenous catalysis of 
enzyme reactors are governed by the same rules. 
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Catalase and acetylcholinesterase were also stabilized 
by complex fornic-ition with their antibodies (Feinstein et al , 
1971; MichaeJi et al, 1969). These preparations did not 
affect the enzyme ar.-tivity nor the Km value or substrate 
specificity. Acetylcholinesterase lost its' activity upon 
heatinrj at G()°C for .^ period as short as five minutes, while 
the enzyme in the complex with the antibody exhibited 
remarkable stability at this temperature for a period tested 
upto 90 minutes. Soloman et al (1986) have investigated the 
use of monoclonal ^jntibodies in the immobilization of 
enzymes. Those workers have isolated carboxypeptidase A 
clone specific stabilizing antibodies and immobilized on 
Eupergit or Sepharose protein A. The conjugate of antibodies 
with support were then used for the immobilization of 
carboxypeptidase A. Nolan and Kennedy (1990) have used 
bifunctional antil)odies in the immolji 1 ization of enzymes of 
specific surfaces. A novel use of polyclonal antibodies in 
tlie stabilization of enzyme has been studied by Sato and 
Walton (1983) in which gluconolactone-antibody complex after 
treatment with glutaraldehyde was administered to guinea pig 
.md synthesis of ascorbic acid was monitored. 
1 1 
Scoyjo of Wc)_rk 
In view of the utility of proteolytic enzymes in 
restricted protein digestion, immobilization of these 
enzymes has become essential which minimizes the cost of 
enzyme and increases the stability for large scale 
utilization. Proteolytic enzymes have been immobilized by 
covalent coupling as well as entrapment to different 
matrices. The results were noL mucli pronuising as Lhe 
catalytic activity was not fully retained upon 
immobilization. We have achieved a means of insolubilization 
using polyclonal antibody of papain which minimizes the cost 
and gives a specific binding of enzyme to its antibody. The 
preparation letained much of the c^italytic activity and has 
greater stability. 
l y i T ^ T E F l I A.3L. A . 1 S I D I V I E T K I O D S 
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MATERIALS 
The chemicals used in the present study were obtained 
from various sources as shown below. 
Chemical Source 
Acetonitrile Veb. Lab., Germany 
Acrylamide Sisco Research Lab, India 
Ammonium per sulphate Sisco Research Lab, India 
Bovine serum albumin Sigma Chemical Co., USA 
Bromophenol blue B.D.H. Poole, England 
Casein Central Drug House, India 
Cyanogen bromide Sisco Research Lab, India 
a-Chymotrypsin Sisco Research Lab, India 
L-Cystein hydrochloride Sisco Research Lab, India 
Cytochrome C Sisco Research Lab, India 
Dextran blue Pharmacia Fine Chemicals, 
Sweden 
Dithionitrobenzoic acid (DTNB) Sisco Research Lab, India 
Ethanolamine Sisco Research Lab, India 
Ethylenediamine tetra acetic acid Hi-Media Lab, India 
(EDTA) 
Folin's Reagent Loba Chemie, India 
Formaldehyde S.D. Fine, India 
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Freund's complete adjuvant Difco Laboratories, USA 
Freund's incomplete adjuvant Difco Laboratories, USA 
Glutaraldehyde Koch Light, England 
Glutathione Sisco Research Lab, India 
lodoacetic acid Sigma Chemical Co. USA 
lodoacetamide Sigma Chemical Co. USA 
N,N, Methylene bis acrylamide Sisco Research Lab, India 
Papain Sigma Chemical Co., USA 
Potassium dichromate B.D.H., India 
Potassium phosphate Qualigens Fine Chem, India 
Ribonuclease A Sisco Research Lab, India 
Sephadex G-lOO Sigma Chem. Co., USA 
Seralose 4B Sisco Research Lab, India 
Silver nitrate E. Merck, India 
Sodium Lauryl Sulphate Sigma Chemical Co., USA 
TEMED Sisco Research Lab, India 
Trichloro acetic acid Qualigens Fine Chem,India 
Tris (hydroxymethylaminoethane) Qualigens Fine Chem,India 
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METHODS 
IMMUNOLOGICAL STUDIES 
Preparation of Antigens 
(i) Native papain : 600 yg protein/0.5 ml phosphate buffer 
was thoroughly mixed with 0.5 ml Freund's complete 
adjuvant as described by Freund (1947). 
(ii) lodoacetamide treated papain : Papain was modified by 
the procedure of Crestfield et al (1963). Native papain 
(3 mg protein/ml) dissolved in 0.5 M Tris buffer, pH 
8.6 was incubated in dark for 1 hr at room temperature 
with 0.3 ml EDTA (50 mg/ml), 0.03 ml, fi-inercaptoethanol 
and 0.7 ml lodoacetamide (50 mg/ml), and finally it was 
precipitated with saturating concentration of 0-80% 
ammonium sulphate at 4°C for 12 hrs to concentrate the 
protein. The precipitate was dissolved in 6 ml, 10 mM 
Potassium Phosphate buffer pH 8.6, and dialysed 
overnight at 4°C to remove ammonium sulphate, and B-
mercapto-ethanol. 600 yg of protein/0.5 ml of 10 mM 
I^ ihosjihal c huffci" pll 8.6 W.IK mixed with 0.5 ml I'i"<-UIHI ' H 
adjuvant and thoroughly emulsified. 
(iii)lodoacetic acid treated papain : Modification of papaxn 
was performed by the described procedure of Crestfield 
et aj (1963). Native papain (3 mg protein/ml) dissolved 
in 0.5 M Tris buffer pH 8.6 was incubated in dark for 1 
hr at room temperature with 0.3 ml EDTA (50 my/ml), 
0.03 ml B-mercapLoethano 1 , and 0.7 n\ 1 i ()(,)(ja<;el, ic <)cid 
(50 mg/ml). Finally it was precipitated with 
saturating concentration of ammonium sulphate at 4°C 
for 12 hrs. The precipitate was dissolved in 6 ml, 10 
mM potassium phosphate buffer pH 8.6, and dialyzed 
overnight at 4"C to remove ammonium sulphate and R-
mercaptoethanol. 600 yg protein/0.5 ml in 10 mM 
phosphate buffer pH 8.6 was mixed with 0.5 ml Freund's 
complete adjuvant and thoroughly emulsified. 
Immunization : 
Albino rabbits weighing between 1.5 to 2.0 Kg were 
used. Prior to immunization the rabbits were bled for 
obtaining serum that served as control in the studies. 300 
yg of antigen (native papain, iodoacetamide treated papain, 
and iodoacetate treated papain) in 0.25 ml, 10 mM phosphate 
buffer pH 8.6 were mixed with 0.25 ml Freund's complete 
adjuvant to form a thorough emulsion. These preparations 
were injected intramuscularly initially at weekly schedule. 
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A booster dose of 150 ug antigen in 0.25 ml, 10 mM 
phosphate buffer pH 8.6, was mixed with equal volume of 
Freund's incomplete adjuvant. Before each booster the 
animals were bled through ear veins to check the antibody 
titre. 
The blood was collected, kept at 4''C for 5 hr for clot 
formation. Serum was collected by centrifugation at 2000 rpm 
for 10 minutes and stored at -10"C. 
Ouchterlony double diffusion : 
The precipitation reaction in agarose gels was 
performed according to the method of Ouchterlony (1949). One 
percent (1%) molten agarose in 0.9% NaCl containing 0.1% 
sodium azide was poured on the petriplate and allowed to 
solidify at room temperature. Required number of wells were 
punched. 10-40 yl of antisera were added in the peripheral 
wells, and 40 yl antigen in the central well. The petriplate 
was incubated at 37"C for 4 hours and then at 4°C over 
night in order to get a clear precipitin band. 
Direct Binding ELISA 
Antibodies against native papain, iodoacetamide treated 
papain and iodoacetic acid treated papain were detected and 
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quantitated by ELISA using polystyrene microwell modules as 
solid support (Ali et al, 1985). 
The test wells were coated with 100 yl antigen (50 yg 
protein/ml in bicarbonate buffer) incubated for two hours at 
room temperature and at 4'C for 12 hra. The antigen coated 
wells were washed thrice with TBS-Tween (TBS-T) to remove 
the unbound antigen. The unoccupied sites were blocked with 
150 yl of 1.5% BSA in TBS for 6 hrs at room temperature. BSA 
in TBS was added both in antigen coated wells and control 
wells. The plates were washed once with TBS-T and serially 
diluted antibodies (dilution in TBS buffer) were added. 
After incubating the plates for two hours at room 
temperature and 12 hrs at 4°C, the bound antibodies were 
assayed by anti-rabbit-alkaline phosphatase conjugate using 
p-nitrophenyl phosphate (PNPP) as colorigenic substrate. The 
plates were incubated at ST'C for 10 minutes and the 
reaction was stopped by adding 100 yl of 3 M NaOH solution 
in each well. The absorbance of each well was monitored at 
410 nm in the ELISA Reader. 
Determining of Papain activity 
Papain activity was determined using Casein as 
substrate by the Method of Kunitz (1947) with slight 
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modification. About 65 yg of Papain was taken in 10 mM 
Potassium phosphate buffer pH 8.6, containing 0.2 ml of 0.05 
M Cysteine and 0.02 M EDTA. The reaction mixture was 
incubated for 10 minutes at 37°C. The volume of the reaction 
mixture made upto 1 ml . 1 ml of 2% (w/v) of Casein was added 
and reincubated for 15 minutes at 37*C. The reaction was 
stopped by the addition of 1 ml of 10% (w/v) Trichloro-
acetic acid. After 15 minutes, the tubes were centrifuged at 
3000 rpm for 10 minutes. Suitable volume of supernatant was 
estimated by the procedure of Lowry et al (1951). The 
control was prepared in identical manner except that Casein 
was added after the addition of trichloroacetic acid and the 
blue colur was read at 660 nm. 
One unit df enzyme activity is the amount of enzyme 
which under experimental conditions give rise to the 
digestion product per minute at 37°C. 
Sulfhydryl estimation 
Sulfhydryl estimation in native and modified papain 
was done according to the method of Ellman's (1959). Free 
sulfhydryl in native and modified papain was estimated 
using the glutathione standard plot (glutathione 3mg/100 ml 
100 mM Tris buffer pH 8). 
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Protein estimation 
The procedure followed for protein estimation was of 
Lowry et aj. (1951). Different volumes of protein solution 
were taken in a set of tubes and final volume was made upto 
1 ml with distilled, water. To this was added 5 ml of 
alkaline copper reagent which was prepared by mixing 0.5% 
(w/v) copper sulphate in 1% (w/v) sodium potassium tartarate 
and 2% (w/v) sodium carbonate in 0.1 N NaOH, in 1:50 (v/v) 
ratio. After incubation for 10 min at room temperature, 0.5 
ml of 1 N Folin's phenol reagent (prepared according to the 
method of Folin and Ciocalteu, 1929) was added and tubes 
were instantly vortexed. The colour so developed was read at 
660 nm after 30 minutes incubation at room temperature, 
against reagent blank which was prepared in similar manner 
except for the absence of protein. Bovine serum albumin 
(BSA) was used as standard. 
Gel Filtration 
A column of Sephadex G-lOO was prepared as recommended 
by Peterson and Sobir (1962) at room temperature. Sephadex 
G-lOO was allowed to swell in a suitable amount of distilled 
water for 5 hours in a boiling waterbath. A previously 
cleaned glass column was mounted vertically and glasswool 
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plugged at the bottom of the column. The column was filled 
to one third of its length with the operating 10 mM 
phosphate buffer pH 8.6. The deareaited gel slurry was then 
gently poured into the column with the help of a glass rod. 
The column was left standing overnight. Flow rate was 
subsequently increased gradually with the help of stop cock. 
After accomplishing a constant rat;e of flow higher than 
required for final elution, the column was adjusted to the 
flow rate of 1 drop per 11 sec. The column was thoroughly 
washed with two bed volumes of operating buffer (0.01 M 
potassium-phosphate buffer, pH 8 .6 ) . In order to determine 
the uniform packing and void volume (Vo) of the column, 
0.02% (w/v) blue dextran was passed through the column. The 
buffer was carefully removed from the surface and protein 
sample was applied. Tlio volume of l)lue dextran or j^ irotoiii 
solution applied on the column was not more than 2-3% of the 
total bed volume of the column. Marker proteins a-
chymotrypsin. Bovine serum albumin, Ribonuclease A and 
Cytochrome C were passed for the determination of Stoke's 
radius of native papain, iodoacetamide treatejd papain and 
iodoacetic acid treated papain according to the method of 
Laurent and Killander (1964). 
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Gel Electrophoresis 
a) Polyacrylamide gel electrophoresis (PAGE) : PAGE was 
performed according to the procedui-e described by 
Laemmli (1970) using a slab gel apparatus manufactured 
by Atto Co., Japan. A stock solution of 30% acrylamide 
containing 0.8% bisacrylamide, 1.0 M Tris-HCl (pH 8.8) 
was prepared and mixed in appropriate order to give a 
desired percentage of acrylamide; and was then 
polymerized after inserting a comb that provided 
template for number of required wells. Bubbles and 
leaks were avoided. Protein samples prepared in 10% 
glycerol, tris buffer of pH 6.8, and traces of 
bromophenol blue were loaded on the polymerized gel. 
Running buffer was 0.025 M Tris, 0.2 M glycine, and 
voltage applied was 100 V. 
b) SDS-polyacrylamide gel electrophoresis : Tris glycine 
system of Laemmli (1970) was followed using mini slab 
gel apparatus manufacture by Atto Co., Japan. Stock 
solutions of 30% acrylamide containing 0.8% 
bisacrylamide, 1.5 M Tris-HCl (pH 8.8) and 10% SDS were 
prepared and mixed in specific proportion to give 
desired percentage of acrylamide. The cocktail was 
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poure(i between glass plates, and comb was inserted for 
making wells and was allowed to polymerize within 30 
minutes. Protein samples were prepared to give a final 
concentration of 1% SDS (w/v), 0.5% B-Merceptoethanol , 
0.25 M Tris HCl pH 6.8 10% (w/v) glycerol and trace of 
bromophenol blue as a tracking dye.* Samples were then 
treated in a boiling water bath for 3 min. Samples were 
applied to the wells. Electrophoresis was carried at 
100 V for approximately two hours in Tris-glycine 
buffer containing 0.025 M Tris HCl, 0.2 M glycine and 
0.2% SDS. Protein bands were detected by staining with 
silver nitrate method of Merril et a_l (1982). 
c) Silver nitrate staining : After electrophoresis the 
gels were immersed in a mixture of 40% methanol and 10% 
acetic acid for 1 hour with constant shaking for 
fixation. The gel was washed twice with mixture of 10% 
methanol and 5% acetic acid, each washing being of 15 
minutes to allow the gel to swell to normal size. 
The gel was then soaked for 15 minutes in 3.4 mM 
potassium dichromate solution containing 3.2 mM nitric 
acid, and washed with Distilled Water, and again soaked 
in silver nitrate (12 mM) solution for 20 minutes, with 
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regular shaking. After washing with Distilled water, 
the gel was transferred to 280 mM solution of sodium 
carbonate containing Formaldehyde to make the gel 
alkaline. After 10 minutes the reaction was stopped by 
suspending the gel in 3% acetic acid solution for 5 
minutes and washed 4-5 times with distilled water. 
Insolubilization of Papain antipapain antiaerum 
0.5 ml of anti-papain antiserum and 2 ml of native 
papain (13.6 mg Protein/ml) were mixed and incubated at 37''C 
for 6 hrs followed by overnight incubation at 4°C. The 
complex was centrifuged at 5000 rpm for 10 minutes. 
Precipitate was washed six times witJi 10 mM phosphate buffer 
pH 8.6, and suspended in 6 ml of the washing buffer. 
F t E S U t ^ T S 
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Studies on Papain 
In order to immunize the rabbits with native and 
modified papain, commercially available papain was dialysed 
against 10 mM phosphate buffer pH 8.6. The salts and other 
impurities were eliminated during the dialysis as evident by 
the electrophoretic pattern of dialyzed and undialyzed 
preparations of papain after staining with silver nitrate 
(Fig. 1 & 2 ) . As evident by the Figure 2. Single band was 
observed in the dialyzed preparation even at the higher 
range i.e. 690 yg. Slight loss in papain activity was 
observed during dialysis (Table I ) . 
Modification of Papain 
Sulfhydryl group present on the active site of papain 
was modified by the treatment of iodoacetic acid and 
iodacetamide using the procedure of Crestfield et aj (1963). 
The number of sulfhydryl groups present on the active site 
of native and treated papain were calculated from the 
standard plot of glutathione (Fig. 3 ) . The values shown in 
Table II have clear indication of SH group modification. The 
electrophoretic pattern of the modified papain treated with 
iodoacetic acid and iodoacetamide was unalLorf?d and 
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Fig. 1 : Polyacrylamide gel electrophoresis of undialysed 
native papain. 
•y 
Native undialysed papain was subjected to 
electrophoresis in 10% gel as described in the 
text and stained with silver nitrate (Merril et 
al, 1982). 
Lane 1 BSA 50 yg 
Lane 2 Papain 240 yg 
Lane 3 Papain 480 yg 
Lane 4 Papain 720 yg 
Lane 5 Papain 960 yg 
Lane 6 Papain 1200 yg 
Lane 7 BSA 50 yg p 
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Polyacrylamide gel eloctrophoreH is of dialysed 
native papain. 
Native diaiysed papain was subjected to 
electrophoresis in 10% gel, and stained with 
silver nitrate. 
Lane 1 
Lane 2 
Lane 3 
Lane 4 
Lane 5 
Lane 6 
Lane 7 
BSA 
Papain 
Papain 
Papain 
Papain 
Papain 
BSA 
50 vg 
162 yg 
324 vg 
486 yg 
648 yg 
810 yg 
50 yg 
1 a F n J U I 
^ 
1 2 3 4 5 6 7 
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TABLE-I : Effect of dialysis on the activity of native 
papain : 
Papain (50 mg/ml) in 10 niM phosphate buffer pEI 8.6 
was dialyzed against the same buffer and enzyme 
activity befoi"e and afteir dialysis was estimated 
in an appropriate diluted solutions. 
1 I 
Activity (U/ml) Papain 
Before dialysis 
After dialysis 
% L o s s 
3 3 , 0 0 0 
2 4 , 0 0 0 
27? 
•"ig. 3 : E s b i m a b i o n o f Bu I f hiyd r y .1 9jrs>lA£l*? ^C na I: i vo ilTMJ 
m o d i f i e d p a p a i n f rom g l u L a t h i j o n e s t a n d a r d p l o t . 
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Increasing concentration of glutathione (3 mg/100 
ml) was incubated with DTNB as described by Ellman 
(1959) and absorbance was recorded at 410 nm. 
Absorbance was plotted against the ymole of 
sulfhydryl group present in the glutathione 
standard. This plot was used for calculating the 
number of sulfhydryl groups present in the native 
and modified papain. 
z 
< 
CO 
cc 
o 
to 
CO 
< 
0.020 0.039 0.078 0.117 0.156 0.195 0.234 
JUL moles o f SH 
0.2 74 
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TABLE-II: Number of sulfhydryl groups in Native and Modified 
papain : 
Suitable aliquot (0.2 ml) of native and modified 
papain (1560 yg) was incubated with the same 
concentration of DTNB used in the glutathione 
standard. Number of y moles of SH groups/y moles 
of protein were determined from . glutathione 
standard. 
Preparations 
Native papain 
lodoacetamide 
treated papain 
lodoacetate 
treated papain 
y mole of free SH/ 
y mole of protein 
1 
0 
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comparable with the native papain (Fig. 4 ) . 
Gel Filtration Pattern of Native & Modified Papain 
Gel filtration pattern of native, modified papain and 
marker proteins is shown in Fig. 5. Sephadex G-lOO column 
equilibrated with 10 mM phosphate buffer pH 8.6 was used to 
calibrate with four marker proteins, cytochrome C, 
Ribonuclease A, a-chymotrypsinogen A and BSA. 10 mg of each 
protein was applied and eluted with the same buffer at a 
flow rate of 24 ml/hr and 3 ml fractions were collected. 
Protein was determined by the procedure of Lowry. Native and 
modified papain were eluted with the same buffer, and 
activity as well as protein concentration was determined. 
Elution profile for marker proteins and native as well as 
modified papain has been shown in Fig. 5. Blue dextran was 
used to determine the void volume (Vo), inner volume (Vi) 
was calculated by the formula Vi = awr. The total volume Vt 
was determined directly with water. 
The elution profile shown in Fig. 5 was used to 
determine the Stokes radius of native, iodoacetamide treated 
and iodoacetate treated papain. The data was processed by 
the following expressions : 
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FIG. 4 : Polyacrylamide gel electrophoresis of Native and 
Modified papain. 
Nativo and iiiodifitMl papain (3 (J (J py ) t""'-!'^J'"'J'-i'J'>« 
were subjected to electrophoresis in 10% gel as 
described in the teXt and stained with silver 
nitrate (Merril et al., 1982). 
Lane 1 = BSA 
Lane 2 = Native papain 
Lane .! I odoaceLa Le l:real:od papain 
Lane 4 = Native papain 
Lane 5 = lodoacetamide treated papain 
Lane 6 = BSA 

C7> 
tn 
U5 
m 
in 
o 
in 
CO 
CO 
in 
CO 
fM 
CM 
n 
(VI 
o 
rvi 
E 
o 
> 
c 
o 
OO 
o 
L _L 
in 
O 
O 
C7> 
en 
CO 
1' 
o o o 
o in o 
CO c~. r^ 
o o o 
o 
in 
to 
O 
o 
o 
o 
o 
in 
in 
o 
o 
o 
in 
o 
o 
in 
o 
o 
o 
v j 
o 
o 
in 
n 
o 
O 
o 
CO 
o 
o 
in 
o 
o 
o 
(M 
O 
in 
o 
o 
o 
in 
( U J U 0 9 9 ) a o u D q j o s q v 
33 
Ve - Vo 
Kd = (1) 
Vi 
Ve - Vo 
Kav = — ( 2 ) 
Vt - Vo 
Where Kd is the distribution coefficient and Kav is the 
available distribution coefficient. With the help of eqn. 1 
and 2 Kd and Kav of marker proteins and our papain 
preparations was calculated and shown in Table III. The data 
was plotted according to Laurent and Killander (1964) to 
determine the Stoke's radius (Fig. 6 ) . 
Precipitation of Papain with Antipapain Antiserum 
The antiserum raised against the native papain, 
iodoacetamide treated papain and iodoacetic acid treated 
papain produced precipitating antibodies as evident from the 
immunodiffusion studies. A single precipitin line was 
observed on immunodiffusion of native and modified papain 
against their specific antiserum after overnight incubation 
(Fig. 1, 8, and 9). The antiserum of modified papain also 
cross react with the native papain antigen (Fig. 10). 
The ELISA technique was used to check the titre of 
antibodies produced against their specific antigens. As 
34 
a 
c 
o 
•H 
+J 
03 
!H 
03 
r) 
C 
03 
CO 
c 
•H 
<u 
-p 
0 
u p. 
^ 
• 
+J 
c (1) 
s •H 
M 
<U 
0. 
X (U u
<u 
^ 
IH 
0) 
s 
IH 
o 
m 
c 0 
•H 
4-> 
03 
U 
-P 
^^  
•H 
b 
H 
H 
M 
I 
U 
1-3 
m 
CQ 
U 
<u 4-i 
0) 
e CO 
u 03 
oi 
1—1 
<U 
o 
e 0 
u 
*w 
T3 a 
CO 
3 
0 
•H 
i^  
OJ 
> 
QJ 
+J 
OS 
1—1 
3 
0 
r H 
03 
u 
o 
> 
0) 
> 
•H 
T3 
U 
X 
Q 
C/5 
> 
0) 
cn 
o 
> 
03 
T! 
« 
e 
c 
r-
CO 
o 
r--
0 0 
o 
0 0 
CO 
r~ 
- H 
• ^ 
PO 
CD 
n 
.H 
rO 
•-H 
o> 
^^^ 
IT) 
O 
r~-
l O 
o 
r-
r-
CTi 
ro 
i n 
0 0 
vo 
CN 
i n 
U5 
CN 
ro 
n 
ro 
o 
00 
o 
i n 
r--
a\ in 
r-~ 
a\ 
i n 
o 
CO 
-^ 
CN 
i n 
rH 
OJ 
^ 
<N 
O 
in 
o 
o 
VD 
C 5 
o 
\o 
CN 
ro 
•rr 
Oi 
a\ 
<-i 
• * 
CN 
V D 
<^  
o 
i n 
o 
r H 
CO 
i n 
CN 
o 
in 
o 
i n 
u 
(U 
£= 
0 
u 
x: 
o 
o 
-p 
> i 
u 
<: 
(L» 
to 
03 
dJ 
r H 
O 
3 
c 
o j a 
• H 
« 
c 
cn 
o 
c 
•H 
CfJ 
0^  
>i 
u 
-P 
o 
e 
>i 
x; CJ 
1 
a 
rt 
C/5 
pa 
c 
• H 
03 
a, 03 
OJ 
<u 
> 
• H 
-p 
03 
£5 
0) 
-P 
03 
(U 
-P 
0) 
T) 
•H 
g 03 
-P 
(U 
O 
03 
O 
T) 
O 
M 
C 
•H 
03 
U. 
03 
U J 
T3 
(U 
4-) 
03 
0) 
l-i 
-P 
QJ 
• P 
03 
-P 
(U 
U 
03 
O 
-rf 
O 
M 
C 
• H 
03 
a* 03 
a* 
r-
35 
FIG. 6 : Treatment of Gel Filtration Data of proteins 
according to Laurent and Killander. 
The Gel Filtration data of Table-Ill was treated 
according to the correlation of Laurent and 
Killander (1964). Plot of (-log Kav)^ vs Stokes 
radius gave the straight line by the least square 
method. 
Marker proteins used were : 
(I) Cytochrome C 
(II) Ribonuclease A 
(III) a-Chymotrypsinogen A 
(IV) BSA 
Papain preparations were : 
(V) Native papain 
(VI) lodoacetamide treated papain 
(VII) lodoacetate treated papain 
»M 
> 
a 
2C 
o 
0.9 
0.8 
0.7 h 
0.6 
0.5 
0.4 
t 
Stokes radius (nm) 
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FIG. 7 : Precipitin reaction in Agarose Gel of native 
papain and antipapain antiserum. 
Precipitin reaction in 0.1% agarose was performed. 
Central well contained native papain. 
Peripheral well (1) Undiluted antiserum 
well (2) 1:2 diluted antiserum 
well (3) 1:4 diluted antiserum 
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G. 8 : Precipitin reaction in Agarose Gel of iodoaceta-
mide treated papain and its antipapain antiserum. 
Precipitin reaction in 0.1% agarose was performed. 
The central well contained iodoacetamide modified 
papain. 
Peripheral well (1) Undiluted antiserum 
well (2) 1:2 diluted antiserum 
well (3) 1:4 diluted antiserum 
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IG. 9 : Precipitin reaction in Agarose Gel of iodoacetic 
acid treated papain and its antipapain antiserum. 
Precipitin reaction in 0.1% agarose was performed. 
The central well contained iodoacetic acid 
modified papain. 
Peripheral well (1) Undiluted antiserum 
well (2) 1:2 diluted antiserum 
well (3) 1:4 diluted antiserum 
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10 : Crossreactivity of native papain with native anti-
papa in antiserum, anti iodoacetamide treated 
papain - antiserum, and anti iodoacetic acid 
treated papain antiserum. 
Cross reactivity of native papain with its 
antiserum and modified papain's antiserum was 
performed in 0.1% agarose gel. The central well 
contained native papain. 
Peripheral well (1) Undiluted antinative papain 
antiserum 
well (2) Undiluted anti-iodoacetamide 
treated papain antiserum 
well (3) Undiluted anti-iodoacetate 
treated papain antiserum 
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shown in Fig. 11, 12 and 13, very high titre of antibodies 
raised against native, iodoacetamide treated and iodoacetic 
acid treated papain w£is obtained. 
The insoluble immunocomplex was prepared by mixing 
papain solution prepared in 10 mM phosphate buffer pH 8.6 
with suitable amount of antiserum to facilitate complete 
precipitation of enzyme. The complex was isolated by 
centrifugation at 5000 rpm and washed with the same buffer 
until no detectable activity was observed in the wash. Table 
IV shows that most of the papain activity was retained by 
the immunocomplex as evident from the ri value. 
Properties of Papain Antipapain Complex 
The immunocomplex of papain was used for various 
studies and compared with the soluble papain. 
(i) Effect of temperature 
The thermal stability of papain antipapain complex was 
investigated and the results obtained are shown in Fig. 
14. The complex as well as the native papain was 
incubated at GS'C for the indicated durations. The 
higher stability was exhibited by the complex' when 
compared with the native counterpart. At the end of 2 
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EG. 11 : Direct binding ELISA of antinative papain 
antibodies. 
• • Immunized serum 
O O Preimmunized serum 
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12 : Direct binding ELISA of anti-iodoacebamide treated 
papain antibodies. 
• • Immunized serum 
O O Pre-immunized serum 
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'IG. 13 : Direct binding ELISA of anti-iodoacetate treated 
papain antibodies. 
• O Immunized serum 
O O Preimmunized serum 
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TAOLE-IV: InununoFircc ifjj La L i o n o£ |:>ap«iin wJLti AnLip.ip.i in 
A n t i s e r u m . 
1 
Inununopre-
cipitation 
Units 
Added 
2138 
Units 
in 
Wash 
979 
--- ._j 
Bound Units 
1 
Theoretical! Actual 
1159 1 1080 
1 
1 
n value 1 
0.93 1 
1 
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FIG. 14 : Thermal inactivation of soluble and insolubilized 
papain at 65'C. 
Approximately 50 units of native and insolubilized 
papain were incubated at 65°C in 10 mM phosphate 
buffer pH 8.6 for indicated time intervals. 
Aliquots were removed, chilled quickly and enzyme 
activity was determined. 
( O ) Native papain 
( • ) Insolubilized papain 
100 
0 30 60 90 120 
Time ( minutes) 
150 
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hr incubation the native papain lost 00% of its 
activity while the complex retciined morr- than 5()v, 
activity. The thermal stability of the complex could 
not be increased further by crosslinking with 
glutaraldehyde as papain was completely inactivated in 
the presence of 0.05% glutaraldehyde concentration. 
(ii) Effect of Urea 
The effect of urea on native and insolubilized complex 
of papain is shown in Fig. 15. Native papain retained 
60% activity after incubation with 4 M urea for 120 
min. whereas the complex retained 80% activity at the 
same duration. 
(iii)Effect of pH 
The activity profile of native and immunoprecipitated 
complex of papain is shown in Fig. 16. There was no 
shift in the pH opt ima of both the preparations. The 
highest activity was achieved at pH 7. 
Autolysis 
Both the native and insolubilized papain were subjected 
to autolysis for various time intervals. It was observed 
that the native papain was more suseptible to autolysis as 
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FIG. 15 : Effect of 4.0 M urea on the soluble and insolu-
bilized papain preparations. 
Native and insolubilized papain (approx. 50 units) 
preparations were incubated with 4 M urea in 10 mM 
phosphate buffer pH 8.6 for various durations. 
Aliquots were drawn at the indicated intervals and 
activity was determined under standard conditions. 
( O ) Soluble papain 
( • ) Insolubilized papain 
100 
< 
30 60 90 120 
Time (minutes) 
150 
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EG. 16 : Effect of pH on the activity of the; soluble and 
insolubilized papain preparations. 
Using the buffers of indicated pH, activity of 
native (approx. 50 units) and insolubilized 
complex of papain (50 units) was determined. The 
pH of buffers (50 mM each) used were acetate 
buffer of pH 4, 5 and 6 and phosphate buffer of pH 
7, 8, 9, 10 and 11. 
( o ) Soluble papain 
( • ) Insolubilized papain 
< 
pH of buf fer 
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compared to the insolubi1izcd papain. As evident from Fig. 
17, multiple bands were observed in the native papain upon 
incubation at 37°C for different durations while the 
insolubilized complex shows a single band. 
50 
17 : Autolysis of native and insolubilized papain. 
Native and insolubilized papain (50 units) were 
incubated at 37°C. After indicated durations 
samples were centrifuged and supernatants were 
electrophoresed using 15% SDS polyacrylamide gel. 
Lane 1 - Unincubated native papain 
Lane 2 - 2 hr incubated native papain 
Lane 3 - 6 hr incubated native papain 
Lane 4 - unincubated insolubilized papain 
Lane 5 - 2 hr incubated insolubilized papain 
Lane 6 - 4 hr incubated insolubilized papain 
Lane 7 - 6 hr incubated insolubilized papain 
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Proteolytic enzymes and in particular papain have great 
potential during beer finishing operation as chi11-proofing 
agents to ensure the long term brilliance and colloidal 
stability of the final product- Proteases prevent haze 
formation by partially degrading tlie protein necessary for 
haze formation. The plant enzyme papain is most widely 
employed chill proofing proteases because it catalyzes only 
a limited breakdown of the protein. In view of the 
indus4:-rial and other application of papain, attempts have 
been made to stabilize the enzyme and to improve its 
reusability. Kondo et al (1994) have immobilized papain on 
ultrafine silica particles. Immobilized papain showed high 
activity and was more effective for extractive 
bioconversions. Papain has been insolubilized by Cebra et a_l 
(1961) on a diazotized copolymer of P-aminophenylalanine and 
leucine. Papain was also immobilized on (dialdehyde)-starch-
methylene dianiline (S-MDA) resins by Goldstein et al 
(1970). The immobilized enzyme was highly active, more 
stable^ particulate in form, and could be conveniently used 
in columns. 
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The procedures involved are covalonL coupling, 
adsorption and entrapment into certain polymeric matrices 
which are encountered with the problem of low retention of 
catalytic activity and to some extent the poor stability 
(Axen and Ernback, 1970; Goldman et aj. , 1968; Bernfeld, 
1963). One potential approach adopted in this dissertation 
which facilitate excellent access of the substrate for bound 
enzyme is the use of bioaffinity support. The problem in 
immunoaffinity immobilization of enzyme is the presence of 
antibody inhibitory towards the enzyme. The non-inhibitory 
monoclonal antibodies can be conveniently screened from 
among the spectrum available from various hybridoma clones 
(Soloman e_t al , 1984). Antiserum of animals immunized with 
enzymes may, however, contain inhibitory antibodies (Shami 
et al, 1989) in which case they may be separated by 
conventional protein affinity fractionation procedure (Sada 
et al, 1988). Alternatively, it may be possible to raise 
nonin.hibitory antibodies in the animals by immunizing them 
with enzyme that have active site shielded with a reasonable 
large ligand (Fusek et al , 1988; Stovickova et al, 1991). 
In order to raise polyclonal antibodies against the 
papain and to use them in a support of papain 
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immobilization, it was essential to modify the active site 
of papain and compare it with the native papain. The 
commercial papain obtained from Sigma was electrophoresed 
on polyacrylamide gel and was compared with the dialyzed 
preparation of papain. As evident from the Fig. 1 & 2, 
single band was observed in the dialyzed preparation after 
staining with silver nitrate while an additional band 
towards the lower side was observed in the undialyzed papain 
preparation suggesting some impurities or short peptides 
were staining with silver nitrate. However, even at higher 
concentration no band was detectable while staining with 
coomassie brilliant blue. 
In order to overcome the problem of getting inhibitory 
antibodies, active site of papain was modified with 
iodoacetic acid and iodoacetamide. The results obtained in 
Table II shows modification of sulfhydryl group. Active 
sites of ribonuclease and glutamate dehydrogenase have also 
been chemically modified (Syed et al 1994; Crestfield et al , 
1963). There was complete loss in the catalytic activity of 
papain after chemical modification but the electrophoretic 
pattern was comparable with the native papain (Fig. 4) which 
clearly suggest the modified preparation of p£ipain has 
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similar charge comparable to the native papain. Modification 
of cystein residues of papain and retention of similar 
charge on the protein might be due to no alteration in the 
electrostatic free energy of protein molecule. Chemical 
modification of lysine residues of ovalbumin resulted m an 
increase in the electrostatic free energy of protein 
molecule and an increase in the 19 net negative charge 
(Ansari et al, 1975). Gel filtration pattern of native and 
modified papain was slightly different and modified papain 
was eluted before the native papain (Fig. 5 ) . 
Antiserum of immunized animals raised against the 
native and modified papain contain precipitating antibodies 
as evident from the Fig. 7, 8 & 9. The antiserum of papain 
was noninhibitory without any activation of papain. Other 
studies (Jafri et a_l , 1993) showed 50% activation of 
invertase in the presence of antibodies. Antisera raised 
against the pencillinase (Pollock, 1964; Pollock et al , 
1967) or ribonuclease (Cinader, 1967) have also been shown 
to stimulate the respective antigens. When papain was 
complexed with antipapain antiserum, most of the activity 
was retained by the insolubilized complex as evident from 
the n value (Table IV). This clearly suggests that there is 
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no restriction in the accessibility of the papain for 
substrate in the immunoprecipitate. Similar results were 
obtained- when trypsin (Stovickova et aj. , 1991) 
carboxypeptidase (Solonian et ._ij , 1906) and leucine 
aminopeptidase (Kohno e_t al , 1906) were insolubil ized with 
its antibodies while other proteolytic enzymes aspartate 
aminopeptidase (Danielsen et al, 1980) and plasminogen 
activator (Nielson ej: aJ. , 1902) did not show much retention 
of activity under similar conditions. Remarkable increase in 
the stability of papain was obtained in the immunocoraplex 
when compared with its native counterpart. The preparation 
was quite stable at 65"C for longer duration which may be 
related to the rigidity of the conformation of the 
molecules. This stability could further be increased upon 
crosslinking with glutaraldehyde as in case of the invertase 
(Jafri et al, 1995) and other enzymes carboxypeptidase 
(Quiocho and Richards, 1964) and trypsin (Habeeb, 1967) but 
papain was inactivated even at lowest concentration of 
glutaraldehyde. Thermostabilization of enzymes such as 
Thermus Rt 41A proteinase. Proteinase of T-Koningii, 
Penicillin G-acylase and trypsin has been achieved by Wilson 
et al (1993), Manonmani & Joseph (1993), Guisan ct al , (^ 1993j 
56 
and Bhardwaj et aj. (1992) respectively. Similar 
stabilization in the presence of dcnaturant such as iirci has 
been obtained in the pai^ iain initnunoconipl ox . Sl.ibi lily of 
enzyme against the environmental factors is essential while 
using in the industry. Papain and other proteolytic enzymes 
upon immobilization have shown great potential in several 
industries. 
The inununocomplex formed requires only antiserum and is 
cheaper in comparison to those where an expensive support is 
needed for immobilization of papain and other enzymes 
trypsin (Stovickova et al, 1991) Cruzipain cystein 
proteinase (Gonzalez et aJ. , 1994) di-isopropylphosphory1-
chymotrypsin (Fusek et al, 1988), phenylalanine hydroxylase 
(Choo et. al, 1981) and leucine aminopeptidase (Kohno et al , 
1986). There is one remarkable advantage of using an 
antibody matrix for enzyme immobilization is the potential 
for replacement of enzyme inactivated during operation with 
a fresh preparation, enabling the re;cycling of the expensive 
matrix. In our future plan, the studies will be conducted on 
the papain antibody matrix and comparison will be made with 
the immunocomplex . 
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